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2013.07.0Abstract Prader–Willi and Angelman syndromes are both rare diseases. Having both syndromes is
even rarer, and only a handful of case reports describe a mosaic between both diseases, all of which
were made based on antemortem descriptions.
A description of these syndromes post-mortem can provide good information about such syn-
dromes as an entity; even if the autopsy and histopathology did not add any further information
from what was described clinically, they can still provide good negative value.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Forensic Medicine Authority.1. Introduction
Prader–Willi syndrome (PWS) is thought to be found in 1 out
of every 10,000 to 25,000 newborns.1 The number of people
living with PWS exceeds 400,000,2 and it is thought that those
who have not been diagnosed make up nearly 75% of the
aforementioned 400,000.
PWS is known to be a rare genetic disorder, in which seven
genes on chromosome 15 (q 11–13) are either deleted or unex-
pressed (partial deletion of chromosome 15q), speciﬁcally on
the paternal chromosome. Angelman syndrome is a sister syn-8437669; fax: +966 38155653.
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03drome to PWS in which instead of being paternally transmit-
ted, is maternally transmitted.3
People with PWS have many characteristic features: they
are often born breech or through caesarian section. They tend
to have hypotonia, feeding difﬁculties (decreased or increased
feeding); difﬁculties establishing respiration at birth; hypogo-
nadism; a failure to thrive; delayed milestones; excessive sleep-
ing (or sleep disorders); intellectual delay; Strabismus; speech
delays; hyperphagia; excessive weight gain; scoliosis; small
hands and feet, with tapering of ﬁngers; obesity; prominent na-
sal bridges; soft skin; excessive fat; narrow foreheads; almond-
shaped eyes; a lack of complete sexual development; delayed
motor development; and other less common features.
Angelman syndrome (also called happy puppet syndrome
due to the patients’ generally happy behavior) has many char-
acteristics including: severe developmental delays, speech
impairments, ataxia, apparently happy demeanor, microceph-
aly, seizures, abnormal EEG showing a characteristic pattern
(large amplitude slow-spike waves), tendon reﬂexes become
hyperactive, sometimes the mother may face feeding problems,
especially in infants, prominent mandible, strabismus, andorensic Medicine Authority.
Figure 2
128 S. Alfehaid et al.sleep disturbances. The most important feature is EEG
changes.
This case study will detail the death of an infant with a con-
vulsive genetic disorder in which the mother raised the suspi-
cion that the house maid had murdered the infant.
The aim of this study is to attempt to describe the cause of
death and try to demonstrate the rarity of this case, as it may
be a mosaic of both PWSand Angelman syndrome.
2. Police report
We were informed about the death of a 9-month-old infant in
his home in Dammam.
The house maid told the infant’s mother that she saw the
infant at 6 a.m. with milk coming out of his mouth and nose;
the mother ﬁled a report to the police suspecting that the maid
had murdered the infant.
The police also informed us that the infant has had several
seizures since birth.
3. External examination
The 9-month-old infant’s body looked obese, and weighed
over 15 kg (33 lb.) which is over the 97th percentile for his
age. His length was 70 cm (27.6 inches) which is the 25th per-
centile for his age.
Hypostasis appeared on the back of the infant that was pur-
plish pink in color, except on his pressure areas (shoulder
blades and buttocks). Putrefaction was not visible on the body
(Fig. 1).
His face was congested, and he had a narrow forehead com-
pared to the rest of his face (Fig. 2); his eyes did not show any
congestion, and there was corneal opacity (hence no comment
can be made on the infant’s pupils). The anterior fontanel was
still not closed and was diamond shaped, and on palpation the
diameter seemed to be about 1.5 x 1 cm; the posterior fontanel
was closed, but was better commented on in the autopsy
report.
His head circumference was 42.5 cm, which is less than the
5th percentile for his age. His chest circumference was 59 cm.
Generally at 6–9 months, chest circumference is equal to head
circumference, but his was higher by 6.5 cm.Figure 1The infant had no teeth. The inner surface of his upper lip
showed petechiae, and the upper gum showed reddish bruising
in the area over the central upper incisors. Where the gums met
the tongue, there were petechiae on the tongue that were hor-
izontally situated in a transverse, straight-line manner. The
upper and lower frenula were intact. The palate showed some
petechiae that were ‘‘probably caused by endotracheal intuba-
tion’’ (Figs. 3 and 4).
His ﬁngers were cyanosed and they were tapered (Fig. 6)
and he had a cafe´ au lait spot on his right thigh, 5 cm inferior
to the pelvic brim and 3 cm posterior to the anterior superior
iliac spine that was purplish brown in color and about 3 x
1.5 cm in dimension (Fig. 12). His testicles were descended,
and the infant was circumcised, but his external genitalia were
underdeveloped (Fig. 7).
There was a 0.7 cm linear abrasion on the right side of his
back, which was situated 16 cm inferior to the shoulder and
4 cm posterior to the posterior axillary line.
No other injuries were found on his torso.
3.1. Eight wounds were found on the infant’s lower limbs
Several puncture-like wounds of 0.4 cm diameter were sur-
rounded by a reddish, circular-shaped intra-dermal bruise.
Some looked older than others.Figure 3
Figure 6 The arrow illustrate the tapering of the ﬁngers.
Figure 7 Underdevelpoed external genetalia.
Figure 5
Figure 4
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 a and b: A wound of about 0.3 cm was bright red in color
and surrounded by a reddish circular bruise which was
about 0.7 cm from the central injury situated right below
the left knee. c–f: Similar wounds in the form of brownish pigmentation
of the skin.
 g:2 puncture-like wounds that were bright red in color.
 h: A similar wound that was reddish-brown in color and
was not surrounded by a circular bruise.
All the wounds above were caused by the insertion of an
interosseous needle by the emergency department after several
admissions to the hospital emergency room.
4. Internal Examination
4.1. Head
By reﬂecting the scalp, it was found to be free of injuries and
contusions.
The vault was also free of fractures. There was no hemor-
rhage in the epi-, subdural or subarachnoid spaces. The brain
was congested and showed normal convolutions; it weighed
500 g, while the mean weight of the brain for his age is
700 g. The meninges showed no structural abnormalities. The
cortex and its surfaces showed normal conﬁguration, and the
blood vessels appear normal. The pituitary was intact, with
no evidence of hemorrhage .The base of the skull was free of
fractures.
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All face bones and the strap muscles of the neck were normal,
as were the soft tissues. The bones of the hyoid, the larynx, and
thyroid cartilages were intact, with no sign of injury. The lining
of the larynx and trachea was a smooth, pink mucosa; both the
larynx and trachea were patent, with no foreign matter. The
epiglottis was unremarkable as were the vocal cords. The cer-
vical vertebrae were intact. The carotids and jugular vessels
were unremarkable. The thyroid and thymus glands had a nor-
mal conﬁguration.
4.3. Chest
By dissecting the chest, the anterior chest wall and its muscu-
lature were shown to be free of contusions. The sternum wasFigure 8
Figure 9intact, and the chest cavity was free of ﬂuid and blood
collections.
The mediastinal contents were distributed normally. The
pericardial sac was free of adhesions. The arch of the aorta
and the other large vessels were unremarkable.Figure 11
Figure 10
Figure 12
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size and a weight of about 100 g. The myocardium is tan-pink
and homogenous (Fig. 8). The endocardium is unremarkable.
The valve cusps were thin, translucent, and intact and
showed no abnormalities. The large vessels entered and left
the heart in their normal anatomical fashion (Fig. 8).
His lungs had a normal lobar conﬁguration with no evi-
dence of edema, congestion, or petechial hemorrhages. The left
lung weighed 125 g, and the right weighed 130 g. A cut section
of the lungs disclosed intact bronchial distribution. No evi-
dence of infection was seen (Fig. 11). All thoracic vertebrae
were intact.
4.4. Abdomen and Pelvis
The wall was free of contusions, and its contents were nor
mally distributed. The gastric mucosa was pink and showed
no injuries. A whitish ﬂuid was seen in the stomach. The duo-
denal, jejunal, ileal, colon, and rectum mucosa were intact.
Inspection and palpation were within normal limits internally
and externally. The mesentery and omentum appeared normal,
and the vessels were patent. The vermiform appendix was
identiﬁed.
The liver weighed 500 g (the mean weight for the liver for
his age is 300 g). The liver had sharp edges. Its capsule was in-
tact. On dissecting the liver, the cut surfaces showed red-brown
conﬁguration with normal consistency and no focal lesions
(Fig. 9). The gallbladder appeared to be normal.
The spleen weighed 75 g, while the mean weight for his age
is 26 g. The spleen’s capsule was smooth, shiny, and intact. On
cutting, the surface appeared to be normal, with white and red
pulp. The lymphoid tissue and lymph nodes within the spleen,
as well as those around the body, were within normal limits.
The kidneys’ sizes and shapes were similar and within a
normal weight range; each weighed 30 g, respectively. The cap-
sules were intact and stripped easily. The corticomedullary
junction was well-deﬁned. The calyces, medullae, and pelvis
showed no structural abnormalities (Fig. 10). The ureters were
patent and slender. The urinary bladder was empty. The muco-
sa was unremarkable.
The adrenal glands were conﬁgured normally with golden-
yellow cortices that were well demarcated from the medullae.
The adrenal glands showed no evidence of hemorrhage.DiagramThe pelvic bones, as well as the lumbar and sacral verte-
brae, all were intact.5. Investigations
5.1. Skeletal survey
A skeletal survey of the head and body was taken and showed
no fractures, was normal for his age and did not show any
abnormalities.
5.2. Histopathology
Samples from the brain, heart, lungs, bronchi, liver, spleen,
kidneys, pancreas, adrenals, thyroid, thymus, and pituitary
were taken and examined histopathologically. The results were
generally normal except for mild edema in the lungs with
monocyte inﬁltration, which suggested a chronic inﬂammatory
condition in the lungs.
5.3. Toxicology
The toxicology laboratory report stated that all the samples
were negative for all measured toxins, including barbituric
acid, benzodiazepines, phenothiazines, and, any anti-epileptic
above the therapeutic range.6. Medical history
After reading the infant’s ﬁle, we were able to summarize his
medical history into the following:
The infant was born full-term in a non-eventful pregnancy
via C/S, due to the mother having essential hypertension,
which was diagnosed 2 months prior to her pregnancy. The
mother was G5 P2 + 3. Her ﬁrst son was born at term in a
normal, spontaneous vaginal delivery; he is 4 years old and
has a convulsive disorder and developmental delays; she had
three consecutive abortions before our discussed case (Dia-
gram 1); no genetic study was done on any member of the fam-
ily other than our case.1
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His head circumference was 32 cm, which is in the 5th percen-
tile for a full-term newborn. His length was 47 cm, which is in
25th percentile for his age, and his weight was 3.2 kg, which is
nearly on the 50th percentile for his age.
Primitive reﬂexes: His Moro reﬂex, rooting reﬂex, and step-
ping reﬂex were negative, yet his suckling, and grasping re-
ﬂexes were positive.
At 3 days, he experienced an episode of convulsions that
lasted 8 min; after that episode, he was admitted to the hospital
for observation and was diagnosed with four types of spells
occurring several times per day. He had a CT scan, which
showed brain atrophy and ischemic changes. An EEG was
done showing four types of spells. The EEG waves were of
large amplitude slow-spikes.
His blood tests at birth, including a thyroid function test
were all within normal ranges.
The infant took all vaccinations required for his age.
He was admitted to the hospital several times, due to con-
vulsions and pneumonia, and on many occasions medication
was given to him through an intraosseous needle (hence the
old and new wounds on his lower limbs).
He was kept on: Keppra, Phenobarbitone and Clonazepam.
However, although he was compliant with his medication, heTable 1still had recurrent seizures and was admitted to the hospital
several times for status epilepticus.
He was also diagnosed with bronchial asthma at 4 months,
therefore, pulmicort and salbutamol were added to his daily
medications. He had normal thyroid function until the age
of 8 months, when he was diagnosed with hypothyroidism
and was started on Levothyroxine.
At 8 months he did not reach the milestones for his age, He
smiled and moved his head from side to side, but could not roll
over or raise his neck, and his legs could not bear weight.
A genetic study was done in the molecular diagnostic labo-
ratory. It detected copy number changes in DNA methylation-
at the 15q11-q13 region which may refer to either PWS or
Angelman syndrome or a mosaic pattern of each or both.
6.2. Cause of death
As we did not ﬁnd any other cause of death, and this is a
known case of refractory epilepsy, death can be attributed to
epilepsy.4,5
7. Discussion
One ﬁrst noticed this infant’s severe obesity. Thus, the ﬁrst
question to ask is what could have caused his obesity. The
A suspicious case of mosaic Prader–Willi and Angelman syndromes 133causes of infant obesity are divided into three groups: dietary,
hormonal (e.g., Cushing, hypothyroidism), and genetic
disorders.
A bad diet and hormonal disorders may very well cause
obesity, but they generally would not cause severe obesity of
BMI = 31 (which is considered to be severe obesity, according
to the Japanese and Singaporean body mass index criteria.6,7)
Severe obesity in infants is generally caused by a genetic
disorder which is very much shown in this case,8 as this infant
does have hypothyroidism; however, he had this obesity even
when his thyroid function test was normal, thus we conclude
that this child’s severe obesity was caused by a genetic
disorder.
The infant had petechiae on his palate, which may be
caused by the attempt to insert an endo-tracheal tube in the
ER. The infant also had some petechiae on his tongue that
could have been caused by biting the tongue, which may sig-
nify a seizure attack although these are non-speciﬁc ﬁndings.
Aspetechiae from biting the tongue during epilepsy occurs in
about 25% of cases of death due to epilepsy, this is a non-spe-
ciﬁc ﬁnding as any cause of death may be accompanied by
perimortem convulsions.9
This is a very interesting case, as this infant shows a genetic
defect that may refer to either Angelman syndrome or PWS
yet his internal, external, behavioral, and developmental fea-
tures exhibit a combination of both diseases.
Table 1 illustrates this mix of both disease features in which
one can notice how variable this infant’s features were.
Although it is very rare to ﬁnd features of two rare diseases
in the same person, this is probably a mosaic of these two
diseases.
Such mosaic-ism is not unheard of, but is very rare
as only a handful of papers have been written about similar
cases in the literature which makes the case very interest-
ing.10–13 Where the case contains a supernumerary inv
dup(15) chromosome that is described as sSMC(15), it con-
tains 2 additional copies of Prader–Willi/Angelman critical
region (PWACR).
The defects described above have distinct features including
hypotonia, developmental delays/mental retardation, dysmor-
phisms, autistic behavior, and epilepsy.14 Unfortunately, not
much description can be given of the case’s clinical features,
due to his young age.Funding
None.Conﬂict of Interest
None declared.Ethical Approval
Necessary ethical approval was obtained from the Institute
Ethics Committee.
References
1. Killeen A. Principles of Molecular Pathology. Minneapo-
lis: Human press; 2004.
2. Tweed K, Cooper S. Struggles with Prader Willi Syndrome.
Internet.USA: AOL Health;2009 cited 2013 Feb 7. Available from:
http://www.aolhealth.com/health/living-with-prader-willi-syn-
drome. Retrieved September 2009. 7.
3. Questions and Answers on Prader-Willi Syndrome Internet.USA:
Prader-Willi Syndrome Association;1997-2013 updated 2012 Sep
2; cited 2013 Feb 9. Available from: http://www.pwsausa.org/
faq.htm.
4. Saukko P, Knight B. Knight’s Forensic Pathology. 3rd ed. Lon-
don: Hodder Arnold; 2004.
5. Spitz W, Spitz D. Spitz and Fisher’s Medico legal investigation of
Death. 4th ed. Springﬁeld, Illinois, USA: Charles C Thomas
Publishers LTD; 2004.
6. Jiang Y, Cole T, Pan H, Ju M, Lin Z, Dong X, et al. Body mass
index percentile curves and cut-off points for assessment of
overweight and obesity in Shanghai children. World J Pediatr
2006;1:35–9.
7. Jeukendrup A, Gleeson M. Sports Nutrition. Human Kinetics: An
IntroductiontoEnergyProductionandPerformance. USA: Human
kinetics Inc.; 2005.
8. Tagliaferri M, Berselli ME, Calo G, et al. Subclinical hypothy-
roidism in obese patients, relation to resting energy expenditure,
serum leptin, body composition, and lipid proﬁle. Obesity Res
2001;9(3):196–201.
9. Dimaio V, Dana S.Hand Book of Forensic Pathology. 2nd ed. San
Antonio, Texas, USA: Taylor& Francis Group; 2007.
10. Hoppman-Chaney NL, Dawson DB, Nguyen L, Sengupta S,
Reynolds K, McPherson E, et al. Partial hexasomy for the Prader
Willi Angelman syndrome critical region due to a maternally
inherited large supernumerary marker chromosome. Am J Med
Genet Part A 2010;152(8):2034–8.
11. Wang NJ, Parokonny AS, Thatcher KN, Driscoll J, Malone BM,
Dorrani N, et al. Multiple forms of atypical rearrangements
generating supernumerary derivative chromosome 15. BMC
genetics Internet. 2008 Jan cited 2013 Feb 16;9(15):2. Available
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid.
12. Lawson-Yuen A, Wu L, Lip V, Sahoo T, Kimonis V. Atypical
cases of Angelman syndrome. Am J Med Genet
2006;140(21):2361–4, Nov 1.
13. Zou S, McGrann S, Uphoff S, Van Dyke L. A case of mosaic
supernumerary ring chromosome 15 with two copies of the
segment 15p11.1-q14. Am J Med Genet A 2006;140(15):1663–8.
Aug 1.
14. Guanciali-Franchi P, Calabrese G, Morizio E, Gatta V, Palka C,
Stuppia L, et al. A new case of mosaicism for invdup(15)
duplicated for Prader–Willi Angelman syndrome critical region
(PWACR) in an adult healthy man. Eur J Med Genet
2008;51(3):39–44, May–Jun.
